THE recent focus on perioperative ␤-adrenergic receptor blockade (PBB) to reduce cardiac morbidity or mortality follows nearly 40 yr of research documenting the cardioprotective effects of ␤-adrenergic receptors (BARs). On the basis of two influential randomized controlled trials demonstrating improvement in perioperative (30-day) or long-term (1-to 2-yr) outcome in high-risk patients, this practice is now routinely recommended by consultants and has recently been highlighted as a "toptier" patient safety practice by the Institute of Medicine. 1 As such, it may serve as a performance measure for quality improvement. However, many aspects remain controversial. 2 This commentary examines physiologic concepts and potential uses of PBB in patients undergoing noncardiac surgery. Given well-documented difficulties with guideline compliance for ␤ blockade after acute myocardial infarction (MI) (secondary prevention), it is to be expected that similar attempts in the large pool of eligible perioperative patients will require substantial ongoing efforts.
The Problem of Perioperative Cardiac Morbidity
Perioperative cardiac morbidity and mortality exact a substantial human toll and consume constrained economic resources. Their magnitude and costs are controversial, particularly in the general surgical population, given the variability in diagnosis and coding of outcomes. However, they are largely considered to be preventable with appropriate risk stratification, selective use of myocardial revascularization, and appropriate cardioprotective therapies, such as PBB. 3 Since the 1970s, the timing and character of perioperative myocardial infarction (PMI) reported in the literature has shifted from a predominance of Q-wave MI peaking between postoperative days 2 and 3 with a high mortality (25-50%) to earlier-occurring non-Q-wave MI with lower mortality. 4 PMI is closely associated with sustained elevation of heart rate, an absence of chest pain, and prolonged premonitory episodes of ST-segment depression before overt MI.
Perioperative hypothermia, anemia, increase of circulating catecholamines, and endogenous vasoconstrictors are etiologic factors. Abnormal endothelial function due to acute inflammatory responses is a well-recognized factor in the medical setting but is poorly characterized in the surgical setting. Easily inducible myocardial ischemia on provocative testing is strongly predictive of PMI. Impaired ventricular function markedly increases risk, likely because of reduction in coronary perfusion pressure. Asymptomatic perioperative troponin leaks may identify patients who are at increased risk in the first 6 -24 months postoperatively. 5 
Cardiovascular Effects of ␤ Blockade
The impact of PBB on myocardial oxygen balance depends on complex interactions between supply-anddemand variables, anatomic factors (e.g., coronary stenoses, myocardial function), and the physiologic milieu ( fig. 1) .
The major salutary effects are reductions in heart rate (increasing diastolic perfusion time) and contractility (reducing oxygen demand). Diastolic time is curvilinearly related to heart rate, increasing rapidly below 75beats/min. As left ventricular coronary perfusion occurs predominantly during diastole, coronary blood flow increases, particularly distal to coronary stenoses and in the metabolically active subendocardium. Reducing heart rate directly decreases oxygen demand via reversal of the Bowditch-Treppe effect (e.g., increasing contractility with increasing heart rate). Maintenance of adequate coronary perfusion pressure is also important.
Reduction in contractility reduces demand but may increase end-diastolic pressure in the failing ventricle. Low-dose ␤ blockade for angina pectoris has modest effects on blood pressure in euvolemic medical patients. In surgical patients receiving sympatholytic therapies, greater reduction is likely.
Amelioration of ischemia distal to a critical stenosis is also influenced by the collateral circulation. The effects of ␤ blockade on it remain controversial. Little change in regional blood flow may occur because of an overall reduction in oxygen demand. ␤ Blockers have little influence on the primary variables influencing plaque vulnerability (e.g., lipid accumulation, inflammation, matrix degradation, and others). However, they reduce mechanical stress via hemodynamic effects, and clinical data support protective associations, particularly in patients with left ventricular hypertrophy. 6 Patients with dyslipidemias, glucose intolerance, and obesity have higher rates of recurrent plaque rupture predisposing to sudden death. 7 ␤ Blockers have potent antiarrhythmic effects, particularly in the setting of acute ischemia. Reduction in circulating free fatty acids via inhibition of lipolysis may protect against ventricular fibrillation. They reduce sudden cardiac death in patients with congestive heart failure (CHF). Their prophylactic properties and enhanced rate control in atrial dysrhythmias are beneficial perioperatively.
Autonomic Nervous System and Receptor Physiology
Membrane-bound BARs (␤ 1 , ␤ 2 , and the inhibitory ␤ 3 receptor) interact with agonists to mediate signal transduction. Physiologic specificity is modulated by a variety of protein kinases. 8 Stimulation of the mitogenactivated protein kinase signaling cascade affects gene transcription, inducing cardiac hypertrophy and apoptosis. Sustained agonist stimulation causes receptor desensitization via phosphorylation within minutes. Prolonged desensitization may occur with receptor sequestration. Human myocardium relies on BAR stimulation (predominantly ␤ 1 ) to increase contractility during stress. Changes in receptor type, density, and sensitivity with CHF markedly reduce myocardial adrenergic signal transduction capability. Antagonism of excessive BAR stimulation increases this and thus forms the basis for primary treatment of CHF. 9 Receptor physiology with myocardial ischemia is controversial given the heterogeneity of coronary syndromes. Increases in systemic concentrations and regional accumulation of catecholamines during acute MI likely facilitates myocardial necrosis. BAR density may increase acutely, causing supersensitivity that precipitates ventricular fibrillation. Complex interactions between ␤ and ␣ receptors are now appreciated. Imbalance in ␣-and ␤-adrenergic signaling due to concurrent receptor polymorphisms has recently been identified as a risk factor for CHF. 10 Perioperative studies document acute BAR desensitization in peripheral lymphocytes up to a week postoperatively, variably associated with sympathetic activation. Acute ␤ blockade before cardiopulmonary bypass may protect ventricular function by inhibiting receptor desensitization. However, further research is needed to confirm that acute PBB uniformly protects ventricular function in the perioperative period.
Other Physiologic Effects of ␤ Blockade
The anesthesia-sparing effects of PBB have been exploited clinically. In elderly men undergoing abdominal surgery, perioperative atenolol reduced hemodynamic lability, facilitated faster recovery, and lowered analgesic requirements. 11 However, direct effects on hemodynamics versus a true effect on anesthetic requirement remain controversial. Lipophilic ␤ blockers readily cross the blood-brain barrier and have traditionally been implicated in central nervous system side effects. However, recent data cast doubt on the specificity and magnitude of these effects. ␤ Blockers may alter memory encoding for and impart neuroprotective effects during cerebral ischemia as well. 8 
Critical Analysis of the Major Randomized Controlled Trials
Not until the 1990s, when enhanced perioperative or long-term survival were reported, did PBB enter the realm of evidence-based medicine. 2 However, limited physiologic data collection, most notably, markers of the stress response or delineation of ventricular function, have frustrated attempts to determine casual mechanisms for the benefits observed.
The studies of Mangano et al. 12 and Poldermans et al. 13 have generated the most interest and debate. The latter is less controversial given its highly selected cohort (vascular patients with inducible ischemia) likely explaining the observed 90% relative reduction in 30-day outcome. Nonetheless, a lack of blinding, use of a standard care comparison, and an unexpectedly high mortality rate from PMI are problematic. A retrospective analysis of the screened cohort (1,351 patients), correlating clinical predictors, dobutamine stress echo results, and ␤ blocker use (primarily long-term oral use with only 5% specifically treated acutely) with clinical outcomes, suggests that patients receiving any ␤ blocker accrued benefit as the number of clinical predictors or new wall motion abnormalities increased. 14 However, the protective effect was negligible in the highest-risk patients, most of whom underwent surgical revascularization. Identifying (and treating) the latter group remains controversial, although the presence of three or more revised cardiac risk index predictors is recommended as a threshold to institute provocative testing. 2 The efficacy of PBB in this retrospective analysis remains controversial given the low overall event rate (3.3%) and uncertainty of the "intensity" of PBB. Other observational studies reporting associations of long-term oral therapy alone with outcome have not shown significant benefits. The efficacy of long-term PBB in the cohort of Poldermans et al. 15 was confirmed by prospective follow-up. Whether long-term use is efficacious in all vascular patients in the absence of other American College of Cardiology/American Heart Association (ACC/AHA) guideline criteria is uncertain. It seems that compliance with multiple guideline parameters is needed to ensure longterm survival. 16 The study of Mangano et al. is more controversial given a wider variety of patients and procedures studied, limited risk stratification, an earlier time frame before ambulatory or laparoscopic surgery or use of aggressive pain control and regional analgesia, the use of a single hospital, potential imbalances in patient risk between groups, lack of consideration of subsequent surgical procedures, and other factors. 12 They observed a striking reduction in long-term outcome (approximately 65% relative risk reduction, primarily in the first year) in the absence of a difference in perioperative outcome. This occurred despite a significantly greater amount of early postoperative myocardial ischemia on ambulatory STsegment monitoring in patients who received placebo, a finding inconsistent with earlier reports from this group of a very strong association of postoperative ischemia with early PMI. 17 It has been speculated that inadequate statistical power or unexplained physiologic mechanisms (e.g., increased catecholamine concentrations leading to delayed rupture of coronary plaques) may be responsible. Multivariate analysis revealed only two significant variables associated with long-term survival: diabetes (adverse) and atenolol therapy (protective). 12 However, evaluation of subgroups of clinical interest (known coronary artery disease [CAD] vs. risk factors only, vascular vs. other types of surgery, and others) is problematic because of the limited sample size. Effects of sex were not evaluated (all-male cohort), nor was regional anesthesia or analgesia. Given these limitations, ACC/AHA guidelines accord PBB use in this type of cohort a class IIa recommendation in contrast to class I for patients meeting the entry criteria of Poldermans. However, because this protocol is logistically simpler, it is appealing to a wide variety of settings.
An intriguing observation is the small difference in mean heart rates between treated and placebo (Mangano et al. 12 ) or standard care (Poldermans et al. 13 ) groups, on the order of 10 -15 beats/min (depending on the time period reported), ranging from the low 70s to the mid to high 80s. This contrasts with earlier studies indicating that heart rates of greater than 100 beats/min are most predictive of ischemia. If the prevailing hypothesis linking ischemic episodes, heart rate, and ultimate outcome is correct, identifying patients based on maintenance of a group mean (e.g., target) heart rate alone does not seem possible. Raby et al. 18 have suggested that identification of the preoperative ischemic threshold on ambulatory monitoring is possible. However, this approach is logistically difficult if not impossible. The observation that 35% of atenolol-treated patients in the cohort of Mangano et al. had intraoperative tachycardia suggests that a longer period of preoperative therapy, more aggressive dosing, or additional anesthetic interventions were required. 17 The interaction of PBB with regional anesthesia or analgesia has not been well characterized, despite epidural use (type and duration unspecified) in 40% of patients in the cohort of Poldermans et al. Given the strong interest in cardioprotective effects of regional anesthesia (particularly by the thoracic epidural route), this warrants further investigation.
It has been suggested that PBB may decrease subclinical cardiac troponin (I or T) release, leading to improved long-term outcome. 11 However, limited perioperative and percutaneous coronary intervention data are inconclusive or conflicting. 5 It can be argued that given strong efficacy in secondary prevention after MI, additional perioperative studies are unnecessary. That short-term PBB is beneficial or neutral in patients with known CAD is not controversial. In many centers, increasing percentages of patients present on long-term therapy because of better compliance with ACC/AHA guidelines. Although not all are adequately ␤ blocked, most can be easily treated with routine anesthetic care and low-dose intravenous supplementation.
There is greater controversy in the larger group of patients with CAD risk factors only, in whom the number needed to treat to achieve a beneficial effect is a major concern. Numbers needed to treat ranging from only 3.2 for Poldermans et al. to 8.3 for Mangano et al. for mortality or PMI are strikingly lower than a recent meta-analysis estimate of 42 for secondary prevention after MI (2-yr mortality). 2, 19 Specific numbers needed to treat for the risk factor-only group were not reported and are likely to be substantially greater.
Logistics of Perioperative ␤ Blockade
Few patients have absolute contraindications to PBB. Although older literature warns against use with any degree of reactive airway disease (e.g., precipitation of bronchospasm), insulin-dependent diabetes (e.g., masking signs of hypoglycemia), and even peripheral vascular disease (e.g., increase in peripheral vascular resistance due to unopposed ␣-adrenergic vasoconstriction), newer data suggest that careful titration of ␤ 1 -selective agents is tolerated in many of these patients. 20 However, severe asthma or a strong reactive component with chronic obstructive lung disease remain strong contraindications, as does major conduction disease (in the absence of a pacemaker) and previous documented sensitivities. In some patients, other sympatholytic therapies, including ␣ 2 agonists or continuous regional techniques, may be considered. Patients with compensated CHF may tolerate PBB, although it should be instituted gradually before surgery in accordance with ACC/AHA CHF guidelines. Judicious intravenous supplementation is usually well tolerated, especially during periods of adrenergic stimulation. Patients with isolated diastolic dysfunction are less problematic.
Increased vigilance is indicated in elderly patients given the reduction in maximal heart rate responses, lower resting heart rate, reduced ventricular compliance, and other physiologic changes of aging. Racial variation in response to ␤ blockade has been reported as a result of genetic polymorphism of receptors or enzyme systems. Blacks may respond less favorably to treatment for CHF or hypertension (but not for CAD). Debrisoquin oxidation polymorphisms of metoprolol in Asian populations are common. There is little evidence for sexspecific effects.
Acute PBB with hypovolemia or sepsis is potentially hazardous. Patients receiving long-term therapy, especially with normal ventricular function, tolerate moderate degrees of hypovolemia well. Responses in patients with impaired ventricular function or concurrent regional sympathectomy are likely to be inadequate. A potential clinical strategy is to use esmolol after the period of major bleeding and after restitution of blood or plasma volume.
Secondary prevention studies have not documented differences in outcomes between agents with varying receptor selectivity or lipophilicity (so-called class differences), with the exception of an adverse association in agents with intrinsic sympathomimetic activity. 19 However, PBB should be instituted using ␤ 1 -selective agents (e.g., atenolol, metoprolol, bisoprolol) given a lower potential for side effects at routine clinical doses. With increasing dosage, receptor selectivity is lost.
The ACC/AHA Perioperative Guidelines Committee limits specific recommendations to use in patients with inducible ischemia, starting days to weeks before surgery, titrated to a resting heart rate from 50 -60 beats/ min preoperatively. 3 No specific recommendations are made for lower-risk patients or for intraoperative or postoperative therapy.
Preoperative oral therapy may allow assessment of tolerance to therapy and take advantage of cellular-level effects (manifested via effects on gene transcription).
Institution of PBB before induction of anesthesia may not be required if hemodynamics are well controlled. This contrasts to emergence when ischemia is particularly common. Provision of the most aggressive therapy during the first 48 -72 h postoperatively is likely to provide maximal benefit. The adequacy of pain control and other physiologic abnormalities (e.g., fever, anemia) are important variables in the duration of therapy. It is reasonable for therapy in low-to moderate-risk cohorts to be continued for the first week postoperatively, whereas patients undergoing vascular surgery, with its higher event rate, are likely better treated with therapy for 14 -30 days postoperatively.
Ideally, oral therapy should be tapered before discontinuation to minimize hyperadrenergic withdrawal responses. Well documented in the medical literature, these are infrequently reported perioperatively, likely because of the short duration of treatment and the low doses used. Tapering is not usually required for doses of less than 25 mg oral atenolol (or its equivalent).
Adequate systemic blood pressure must be maintained. A systolic pressure of 100 mmHg or greater is recommended, although higher pressures are required in older or compromised patients. Studies have reported acceptable levels of hemodynamic side effects (primarily bradycardia and hypotension requiring transient treatment). However, safety data in specific subgroups, particularly with high levels of sympathetic blockade, major blood loss, advanced age, or other cardiac medications, have not been well delineated.
Careful attention is required when using atenolol in patients with renal insufficiency, particularly with repeated intravenous dosing, given its exclusive renal elimination and long half-life. Bisoprolol, metabolized by hepatic and renal routes, is not available intravenously and therefore is less problematic.
Finally, the perioperative period offers a unique opportunity for anesthesiologists to enhance compliance with ACC/AHA treatment guidelines for ␤ blocker use (e.g., ischemic heart disease, CHF, and dysrhythmias). Therefore, reasonable attempts should be made to facilitate continuation of therapy in appropriate patients to maximize long-term survival.
Conclusions
Evidence for the efficacy of PBB is strong, and new physiologic and clinical data continue to accumulate. Epidemiologic studies provide a framework for the clinician to apply new physiologic principles in patients with known CAD and those at risk, particularly those with diabetes and left ventricular hypertrophy. Within the larger paradigm of perioperative sympatholysis, the logistics of PBB are influenced by patient risk, the planned surgical procedure, and the specifics of perioperative management ( fig. 2) . Established clinical guidelines of the ACC/AHA should be used to guide the institution and maintenance of therapy in appropriate patients. Results from several recently launched largescale trials should ultimately refine our use of this simple but powerful therapy. 
